Recently, the averaged electroencephalographic response (AER) to sound stimuli is routinely used for evaluating the hearing in young children.
On the other hand, some authors reported that AER amplitude has a close relation to the loudness recruitment. It is well known that the recruitment phenomenon is an important factor for differentiation of the cochlear disorder from the conductive and retrocochlear disorders.
In this paper, the usefulness of the AER to intensity modulated tone for an objective measurement of the loudness recruitment is to be discussed.
METHODS AND SUBJECTS
The block diagram of the equipments for this investigation is shown in Fig. 1 . Inten sity modulated tones for DL-test, generated from the audiometer (Rion, AA-33), were used in this experiment.
A steady state pure tone was given to patients in the intensity of 20 dB above his subjective threshold, and a small increment in intensity was superimposed on it at every 2 sec. The size of this increment varied from 0.2 to 4 dB. The increment had a rise decay time of 50 msec, and its total duration was 1 sec (Fig. 1) .
The average computer (Sanei, Mediac 401) was triggered by the onset of each incre ment and electroencephalographic responses were averaged for 50 increments. The auditory evoked responses were recorded from the vertex of the skull with a reference electrode on the earlobe and a grounded electrode on the forehead.
The examination was carried out at either 1000 Hz, 2000 Hz or 4000 Hz. In cases of unilateral impaired hearing, the intact ear was masked with white noise of an appropriate intensity level.
Nine normal subjects (13 ears) and 19 hearing-impaired subjects were examined. Most shielded room. The tone stimuli were given to the subjects through a receiver. The minimal size of increment that caused the evoked responses was measured at 20 dB above the subjective threshold.
In some of the normal cases, the AER to the intensity modulated tone was also investigated at 50 dB above the subjective threshold.
RESULTS

Wave form of the evoked response
A wave-form of the averaged evoked response to the intensity modulated tones was fundamentally the same as that to tone pips (Figs. 4 and 5) . Each of P1, N1 and P2 components had a detectable peak, but N1 often showed double peaks or a trapezoid shaped peak (Fig. 3) . The amplitude of response to the intensity modulated tone was generally smaller and the latency tended to be longer as compared with the responses to tone pips. However, some cases of the cochlear disorder showed very large and clear responses (Fig. 5 ).
2. Minimal increment size of tone intensity to evoke the response (Fig. 6) Normal subjects: In all normal subjects, the evoked responses were not detected even with 4 dB increment at 20 dB above the subjective threshold (Fig.  2) . But the threshold of the AER was lowered when the intensity increment was superposed on a steady tone stronger than 20 dB (Fig. 3 ).
Conductive disorders: No response was evoked by 4 dB increment in all conductive hearing losses except for one case (Fig. 7) .
Cochlear disorders: The minimal increment size in the cochlear disorders was generally smaller than in the normal and conductive hearing-impaired subjects. Some of the cochlear disordered cases showed prominent evoked responses and one particular case showed the response even to 0.6 dB increment (Fig. 5 ).
Perceptive disorders: The evoked response was not elicited even by 4 dB in The evoked re sponse is detected at 3.6 dB in rement.
Case No. 6 in Table 1 .
crement in the case suspected of retrocochlear lesions (Fig. 8) . In contrast, the case suspected of cochlear disorder (Table 1 , No. 12) showed the response to 2 dB increment at 4 KHz (Fig. 9 ).
DISCUSSION
It has been well known that the amplitude of the acoustically evoked response becomes larger with an increase in intensity of tone stimuli. Keidel and Spreng A large response is showed at 0.6 dB increment.
Case No. 7 in Table 1 . (1965) described in their psychophysical study that the human cortical responses to acoustic stimuli, occurring within 150 to 170 msec after stimulus onset, yielded input-output functions fairly comparable with Stevens' power functions. It is surmised therefore that the amplitude of the evoked response to acoustic stimuli may closely be related to loudness growth. In order to differentiate the hearing disorders, some studies have been done for several years, in which normal and impaired subjects were compared for the intensity-function curve and amplitude or latency of the evoked responses (Knight and Beagley 1969; Townsend and Cody 1970; Kollar 1971 ). Previously, as Cody et al. (1968) described, the author also found that, in unilateral cochlear disorders, the threshold of AER of the impaired Fig. 9 . AER at 20 dB above the sub jective threshold in a case suspected of cochlear disorder, Case No. 12 in Table 1 . This case showed the response to as little as 2 dB in crement at 4 KHz. Fig. 10 . Comparison between AER thresholds and subjective thresholds in 10 unilateral cochlear disorders. AER thresholds were examined at 1000 or 2000 Hz. This result mani fests that the differences between AER and subjective thresholds in the impaired side are smaller than in the normal side. o normal side, * impaired side.
side was closer to the conventional threshold than that of the normal side (Fig.  10 ). But these data also suggested that it was difficult to make a differential diagnosis among hearing disorders by means of AER examinations, because there was overlapping of the results between normal and hearing-impaired groups. Spoor et al. (1969) reported the relation between the N, -peak latency and the N1-P2 peak to peak voltage of the evoked auditory responses elicited by intensity modulated tones in three normal subjects. They detected the response to 1 dB increment at 70 dB above the subjective threshold and to 3 dB increment at 30 dB above the subjective threshold.
The author also demonstrated a similar phenomenon. Namely, in the normal subjects, the evoked response was not elicited even by 4 dB increment at 20 dB above the subjective threshold, but the response was elicited by as small as 3 dB increment when it was made at 50 dB above the subjective threshold (Figs. 2 and  3 ). The higher is the level in tone intensity at which the increment is made, is the smaller the minimal size of the increment to evoke the response.
On the other hand, Jerger and Jerger (1970) compared amplitude of the averaged electroencephalic response to the intensity and frequency changes with results of behavioral performance (percent of SISI-test) in a normal and a sensori neural hearing-impaired subject. Their experiments evidently showed a close correspondence between the results of SISI-test and the amplitude of the averaged evoked response to the intensity change. In addition, Kollar and Roser (1971) demonstrated using ERA that all patients with perceptive hearing losses reacted to an increase in intensity of as small as 1 dB at 40 dB above the threshold.
The present results indicated that the cochlear disorders reacted to a smaller increment than the normal subjects as well as than the patients with conductive or retrocochlear impairments. Namely, the evoked responses in most cochlear disordered cases were detected with an increment less than 4 dB and some of them showed a large and clear response even to that less than 2.0 dB (Figs. 5 and 6 ). In normal subjects and patients with other types of hearing impairment , however, the response was not evoked by 4 dB increment at 20 dB above the subjective threshold (Fig. 6) .
From these results, it is noticed that there are apparent differences in response pattern between cochlear and other types of disorders. It seems likely that this phenomenon closely relates to the loudness recruitment. The lesions in the auditory system can be diagnosed satisfactorily by AER to an intensity modulated tone made at 20 dB above the subjective threshold as described above .
This investigation does suggest that the present method is useful for differ entiating lesions in the auditory system objectively. Especially , this method seems to be useful for measuring the loudness recruitment in younger children and non cooperative adults. Moreover, this method has an advantage of use of tone stimuli for DL-test generated from an audiometer, not requiring any other special stimulus tone generators.
